The aspartic proteinase, renin, plays a vital role in the control of blood pressure and electrolyte balance ; thus, the. design of renin inhibitors is of great pharmacological interest. In this respect much is to be gained from an understanding of the subsites on the renin molecules which determine their specificities, and for this a knowledge of the three-dimensional structure of human renin is an essential prerequisite. Ultimately, full X-ray crystal structure analyses of renin-inhibitor complexes must be carried out; such studies are under way in our own and other laboratories. In the meantime, computer graphics models based on the sequences derived from protein, complementary DNA or gene sequencing, and the three-dimensional structures of homologous aspartic proteinases provide much useful information.
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In this paper I discuss models for mouse and human renins and suggest reasons for the neutral pH optimum and subsite specificities of these enzymes. More complete accounts of the mouse submaxillary renin (Blundell et al., 1983; Tickle et al., 1984) and human renin models have been published elsewhere.
Methods
The sequence of the human renin and mouse renins (Panthier etal., 1982; Misonoet al., 1982) were first aligned with those of other aspartic proteinases listed in Table 1 together with those of chicken pepsin (Bandys & Kostka, 1983) and human pepsin (Sogawa et al., 1983) . This alignment was then slightly modified to take into account the knowledge of the three-dimensional structures of aspartic proteinases which require conservation of certain residues such as glycine at turns in the main-chain and hydrophobic residues in the core. The structures available included a medium-resolution, unrefined structure of porcine pepsin (Andreeva et al., 1977) and three other models which have been refined to a high resolution: penicillopepsin (James & Sielecki, 1983) rhizopuspepsin, (Subramanian et al., 1977) and endothiapepsin . All four structures display a very similar tertiary fold (Subramanian et al., 1977; Tang et al., 1978; . The structures of porcine pepsin and rhizopuspepsin were only used to a limited extent as only acarbon co-ordinates were available for the former and the latter has not yet been sequenced.
The high resolution (2.1 A, 0.21 nm) three-dimensional structure of endothiapepsin was used as the starting point for modelling the renins. The model-building was carried out using the interactive computer graphics program FRODO which has been modified for an Evans and Sutherland Picture System I1 by Dr. I. J. Tickle. Most of the main-chain and homologous residues were placed in similar positions and then the core residues were replaced in closely similar positions. The remaining, mainly variable, residues were placed on the surface of the molecule in positions which optimized tertiary interactions. Most inser- The numbering is based on the pepsin sequence. The residues are arranged so that topologically equivalent residues on the two lobes related by a pseudo-dyad are in the same column. Subsites are indicated according to the scheme of Schechter & Berger (1967) 
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L R Fig. 1 . Stereo view of the modelled tertiary structure of human renin viewed perpendicular to the active site cleft tions and deletions occur at loop regions of &hairpins; these regions are mainly variable in sequence and are located at the surface of the structure. The few insertions and deletions which were required involved the lengthening or shortening of these loop regions, the conformation of which was guided by the study carried out on 8-hairpins of all the proteins of known tertiary structure (B. L. Sibanda & J. M. Thornton, unpublished work) and by comparison with other aspartic proteinases as suggested by Greer (1981) . In a number of places where there are insertions in the renins compared with endothiapepsin, the changes are unique to the renins, for example, the inserted residues 46a and 46b which are in a disulphide loop involving Cys-45 and Cys-50. There is an extra insertion of three amino acids at residue 159 which is evident in the complementary DNA sequences (Soubrier et al., 1983; Miyazaki et al., 1984) but not in the gene sequence ; this indicates some evidence of potential pol'ymorphism in human renin sequences. The #?-hairpin between 279 and 282 was lengthened to accommodate the insertion of four residues including those cleaved out in the conversion of the mouse renin to the two-chain enzyme (Panthier et al., 1982; Misono et al., 1982) . However, in this loop region endothiapepsin has two extra residues compared with pepsin. Fig. 1 shows a stereo view of the threedimensional structure of human renin constructbd as detailed above.
Discussion
The active site of the aspartic proteinases has two catalytic active aspartates, Asp-32 and Asp-215 (in this analysis the pepsin numbering system has been used). These have coplanar carboxyl groups and are symmetrically arranged James & Sielecki, 1983) ; the aspartates are intricately hydrogen-bonded to residues around them, and this arrangement is vital to the common mechanism of these enzymes . Many of these residues are conserved or conservatively varied in all aspartic proteinases although residue 218, which is normally a serine or threonine, is uniquely an alanine in human renin. This change clearly has very little effect, if any, on the pH optima of these enzymes as this residue difference is not shared by the mouse renins. However, residue 304 is uniquely an alanine in both mouse and human renins, and this may play a part in the raising of the pH optima (Blundell et al., 1983 ). This residue is mainly buried but close to the active site.
The residues that lie along the active site cleft of these enzymes have been characterized as specificity pockets and these are shown on Table 1 . Although the catalytic centre is invariant, the differences in the specificity pockets result in substrate selectivity. The active site cleft of these enzymes is long and deep and can accommodate between seven and eight residues (Blundell et al., 1979a (Blundell et al., , 1983 . The assignment of subsites S, to S1, which were first identified by modelling substrates into the active site cleft of endothiapepsin, was later confirmed by X-ray studies of inhibitors bound to penicillopepsin (James t Sielecki, 1983) and to rhizopuspepsin (Bott et al., 1982) . However, subsites S1' to S3 ' have not yet been confirmed by X-ray studies; the assignment is based on model-building. The subsites on either side of the scissile bond are related by a pseudo-dyad which also relates many residues between the two lobes of the aspartic proteinases (Tang et al., 1978 ; Blundell et al., 19796; as shown in Table 1 . Hence subsites S1 and S,' are topologically equivalent; these are large pockets and are hydrophobic. The size of the pockets in the renin models is similar to that of other aspartic proteinases; therefore it is unclear why smaller residues are preferred at these subsites in the renins and there is some evidence that residues as big as phenylalanines can easily be accommodated (Burton et al., 1980) .
Residues which constitute subsites S4 to S2 are similar in mouse and human renins but differ from those of other aspartic proteinases (Blundell et al., 1983) . Most of the differ-L ences between the renins and other aspartic proteinases are found on the S,' subsites. The most striking difference occurs in the S3' subsite specifically at residue 189, which is small in the renins, a serine in mouse renin, or a valine in human renin, and a phenylalanine or a tyrosine in other aspartic proteinases. A small residue at this subsite allows a large substrate residue to be accommodated which can acquire a different position in the renins compared with other aspartic proteinases. This is clearly so in human renin where His P3' occupies this subsite and can be manoeuvred and brought close to Glu-127 which is uniquely acid in human renin. Fig. 2 shows the residues which make up the inner surface of the active site cleft of human renin with angiotensinogen peptide bound.
At the periphery of the active site cleft, shown in Fig. 3 , the renins are uniquely different. There is a rather rigid structure in residues 293-298 with several prolines (PPPTGP). Other parts of this region are exceedingly basic, for example, Lys-240, Lys-241, Arg-242, Arg-74, Lys-282a and Lys-282b, which may play a part in interacting with angiotensinogen. The mouse renin chain is cleaved liberating Arg-279a and Arg-279b; this results in, a heavy chain and a light chain. The cleavage of the two arginines lowers the activity of the enzyme (Pratt et al., 1983) ; this may result from the rearrangement of the cleaved chain into the active site cleft. In human renin the two basic residues occur two residues away from the loop region of the p-hairpin and are less accessible to proteolytic enzymes.
The modelled structures of renin have shed some light on how angiotensinogen binds to its target and the knowledge acquired from this type of work can then be utilized in designing specific inhibitors of human renin.
Summary
Mouse submaxillary, mouse kidney and human renins have been modelled using the three-dimensional structure of the homologous endothiapepsin, which has been defined by high-resolution X-ray analysis, and the amino acid sequences derived from protein, complementary DNA or gene sequencing. These computer graphics studies have shown that all renins can adopt three-dimensional structures similar to those of other aspartic proteinases with small insertions and deletions at the surface and often at fi- 
